The trypsin and chymotrypsin inhibitory activities of two families of inhibitors, the Kunitz family and the Bowman-Birkfamily, were screened for in seeds of 34 leguminous species by gel nitration. Results were compared with the morphological classification of leguminous plants. There seemed to be a relationship between the inhibitors found and the evolution of leguminous plants. That is, the seeds of the more primitive leguminous species contained mainly the Kunitz family inhibitors and those of the more advanced ones had the Bowman-Birk family inhibitors. Results suggested that the Kunitz family inhibitors in leguminous seeds have gradually been replaced by the Bowman-Birk family inhibitors in the process of evolution.
have been classified into two families on the basis of their molecular weights and cystine contents. The inhibitors classified as the Kunitz family have molecular weights of about 20,000 and two disulfide bridges. One member of this family is soybean trypsin inhibitor (Kunitz) , which was isolated and crystallized from soybean seeds by Kunitz1} in 1946. The other family, the Bowman-Birk family, has molecular weights *of about 8000 and is characterized by a high cystine content (seven disulfide bridges). One member of this family, soybean Bowman-Birk inhibitor, was first isolated from soybean seeds by Bowman2)and later characterized by Birk et al?) Leguminous plants have been classified morphologically into three suborders, Caesalpinieae, Mimosaceae, and Fabaceae, by Hutchinson.4) The Caesalpinieae is the most 1245 primitive suborder and the Fabaceae is the most highly evolved. Seeds of Barbados Pride, which belongs to Caesalpinieae, have only the Kunitz family inhibitors.5) Peanut, which belongs to one of the most evolved tribes (Stylosantheae) of Fabaceae, has only the Bowman-Birk family inhibitors. 6) These facts suggest that there is some relationship between the families of the inhibitors found in leguminous seeds and the evolution of leguminous plants.
In this paper, we report the distribution of the Kunitz family and the Bowman-Birk family inhibitors in leguminous seeds, and discuss their relationship with the evolution of these plants.
MATERIALS AND METHODS

Materials.
Voandzeia subterranea (Bambarra groundnut) seeds were kindly donated by Dr. T. Nishitani f This study was supported in part by a Grant-in-Aid for Scientific Research from the Ministry of Education, Science and Culture of Japan.
ft To whomall correspondence should be addressed. Table I .
Gel filtration. Gel filtration was done with a Pharmacia FPLCsystem with a pump(P-500). Three columns were connected in series: a precolumn (4x 100mm, TSK-Gel G3000SW), a G3000SW column (7.5x600mm), and a G2000SW column (7.5 x 600mm). The eluent was 0.1 m Tris-HCl buffer (pH 7.0) containing 3 murea, and the flow rate was 0.4ml/min.
A 100~200/il portion of the concentrated sample was injected and 0.8 ml fractions were collected. The proteinase inhibitory activity of each fraction was assayed.
Assay of inhibition. The trypsin inhibitory activity was assayed as follows. The inhibitor solution (100~200jul) was mixed with a trypsin solution (20fig of trypsin in 100/il), and the final volume was brought to 300}A with 0.05 m Tris-HCl buffer (pH 7.5) containing 0.02m CaCl2 and incubated at 30°C for lOmin. One milliliter of 1 mM 'benzoyl-L-arginine /7-nitroanilide solution in the same buffer was added to the mixture and the reaction mixture was incubated at 30°C for lOmin. Then 200^1 ofa 30% acetic acid solution was added to stop the reaction, and the absorbance at 410nmwas measured. The chymotrypsin inhibitory activity was assayed in a similar way with 40fig of chymotrypsin, 1 mMbenzoyl-Ltyrosine />-nitroanilide as the substrate, and the same buffer containing 40% ethanol.
One unit of inhibitory activity (IU) is defined as the amount of the inhibitor that inhibits 1 mg of the enzyme.
RESULTS
Inhibitory activity in leguminous seed extracts
The trypsin and chymotrypsin inhibitory activities in the extract of 34 species are listed in Table I . Seed extracts of Cassia occidentalism TamarIndus indica (tamarind), and Lotus corniculatus (bird foot trefoil) had neither trypsin nor chymotrypsin inhibitory activities. The seeds of Albizia pedicellata, red clover, and white clover also had only slight activity. Some seeds have trypsin inhibitory activity, but no chymotrypsin inhibitory activity as shown in Table I .
Identification of the inhibitor family by the gel filtration pattern
The gel filtration patterns of the inhibitors of the concentrated seed extracts are shown in Fig. 1 . The inhibitor family of each species was identified on the basis of the elution positions of the soybean Kunitz and Bowman-Birkfamily inhibitors (Fig. 1A, F) . Most of the seed extracts gave a single inhibitor peak at the same position as that of the soybean Kunitz or Bowman-Birk family inhibitors (Fig. IB, C) . Therefore, the identification of the inhibitor family was not very difficult. Mimosa invisa ( Fig. ID) , Leucaena leucocephala, and Pueraria lobata gave mainly one peak at the position of the soybean Bowman-Birk family inhibitors, but had also a small peakjust before it, at the position of the soybean Kunitz family inhibitors.
These species therefore seemed to have both families. Mucuna pruriens (velvet bean) gave two peaks (Fig. IE) , and clearly had both families. Japanese wisteria gave a peak at the border between the two families (Fig.  1G) . However, Japanese wisteria had many kinds of the Bowman-Birk family inhibitors and none of the Kunitz family (unpublished data). This indicated that Japanese wisteria contained only-Bowman-Birkfamily inhibitors. The inhibitors of peanut (Fig. 1H) , Robinia pseudo-acacia (black locust) (Fig. II), lucerne, Tephrosia vogelii, Canavalia ensiformis (jack bean), Bambarra groundnut, and Cicer arientinum (chickpea) were eluted much later than the soybean Bowman-Birk family inhibitors.
They were assumed to be in the Bowman-Birk family, as will be discussed later.
From these results, the legumes could be divided into the following four groups:
1) having the Kunitz family only: three kinds of Caesalpinieae {Cassia tora; Caesalpinia pulcherrima (Barbados Pride), and Delonix regina (flamboyante)), one kind of Mimosaceae (Parkia speciosa), and two kinds of Fabaceae {Crotalaria cratalia and Abrus precatorius (jequirity)).
2) having both the Kunitz family and the Bowman-Birk family: two kinds of Mimosaceae {Mimosa invisa and Leucaena leucocephala), and four kinds of Fabaceae {Pue-raria lobata, velvet bean, Psophocarpus tetragonolobus (winged bean), and soybean).
3) having the Bowman-Birk family only:
one kind of Caesalpinieae {Gleditsia japonica (Japanese honey locust)), and the Fabaceae not listed in above 1) and 2) {Thermopsis lupinoides, black locust, Japanese wisteria, Tephrosia vogelii, Sesbania cannabina, Cajanus cajan (pigeon pea), jack bean, Calopogonium CM, concentration method described in Materials and Methods: T, trypsin inhibitory activity; C, chymotrypsin inhibitory activity; K, the Kunitz family inhibitors; B, the Bowman-Birk family inhibitors.
* Not investigated here; see references. ND, activity was not detected;?, not clear from the data of references.
mucunoides, adzuki bean, Lablab purpureus (lablab bean), Bambarra groundnut, chickpea, lucerne, and peanut). 4) having no inhibitory activity: two kinds of Caesalpinieae {Cassia occidentalis and tamarind) and one kind of Fabaceae (bird foot trefoil).
The inhibitor family for Smithia sp. was not identified because no clear peak was obtained by this method.
DISCUSSION
Gel filtration was used to identify the inhibitor families of 28 species of leguminous seeds. To avoid aggregations of inhibitors and interaction between the gel and proteins, buffer containing 3 m urea was used. However, the inhibitors of some seeds were eluted at elution positions later than expected. For example, of the Bowman-Birk family inhibitors, peanut inhibitors which had high basicity were eluted much later than soybean Bowman-Birk family inhibitors. This is because of interaction between the basic protein and gels. The inhibitors of black locust, lucerne, Tephrosia vogelii, jack bean, Bambarra groundnut, and chickpea were eluted at almost the sameposition as those of peanut. 
